Measurements of particle densities on the two freezefracture faces of digestive and perialgal vacuole mem branes in green and aposym biotic Paramecium bursaria Ehrbg. show distinct differences between the P-faces of both m em brane types. The distribution of particle den sities is more homogenous on the P-faces of perialgal vacuole membranes than on the P-faces o f digestive vacuole membranes. Possibly homogeneity among peri algal vacuole membranes reflects the stability o f perialgal vacuoles during their life cycle. Perhaps lysosomes cannot fuse with them. P aram eciu m bursaria Ehrbg. harbours within its cytoplasm several hundred cells of a certain C hlo rella species which are each located in individual perialgal vacuoles. Both partners form an endosymbiotic unit [1 -8 ].
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The size of the algal population inside the P ara m ecium varies in dependence o f environmental con ditions as light intensity or external food supply [2, 9, 10] . Probably the num ber of the symbiotic chlorellae is not regulated by digestion of algae: Acid phosphatase activity was detected only in digestive vacuoles but not in perialgal vacuoles [9, 11] . Perhaps fusion o f prim ary lysosomes with the perialgal vacuole m em brane, e.g. entry of digestive enzymes into the vacuole is prevented. This inhibition could be reflected by the perialgal vacuole mem brane structure [12] . Therefore a freeze-fracture study o f digestive and perialgal vac uoles was perform ed in order to test w hether the 
Materials and Methods
P aram ecium bursaria was cultured as described previously [13] .
Experiments were perform ed with alga-contain ing (green) P aram ecium bursaria which had been starved for ten days and therefore contained only perialgal vacuoles and with aposym biotic P ara m ecium bursaria which had been fed with bacteria for four hours before fixation and therefore con tained many digestive vacuoles. For freeze-fracture cells were fixed with glutaraldehyde for 1 h at 22 °C (0.5% in 0.01 m phosphatebuffer, pH 7.1), infiltrated with glycerol, frozen and fractured in a Balzers apparatus (BA 360 M) at -1 0 0 °C without etching.
Replicas were examined with a Hitachi HU 11A electron microscope at 75 kV.
Intram em brane particle density was measured on micrographs printed at x 100 000 by counting the particles within areas o f 0.04 |im 2 and calculating the final value for 1 (im squares. Ten 0.04 |im 2 areas were counted on each o f about ten different m icro graphs per fracture-face. The size o f particles was measured as particle diameter.
Results and Discussion
Vacuole m em branes are internally split by freezefracture, thus exposing two faces: the protoplasmic face (P-face) and the com plem entary exoplasmic face (E-face) [14] (Figs. 2 -5 ) . Particle density measurements of both perialgal and digestive vac uole membrane faces are presented in Fig. 1 . As it was intended to com pare the features of both m em branes in general, m em brane particle densities were measured in vacuoles o f all stages o f their life-cycle, and the data obtained were summarized.
The E-faces o f both vacuole types have less particles than the P-faces, and there are only slight differences between the E-faces o f digestive and perialgal vacuole m em branes in particle distribu tion. However, the com parison of the P-faces o f the two membranes show distinct differences: The per centage o f m em brane areas with classes of 1750 as well as 3250 and 3750 particles/nm 2 ( Fig. 1 ) is higher in digestive vacuole mem branes than in perialgal vacuole membranes. The latter have a high percentage of areas with classes of 2750 particles/|im2 which is much lower in digestive vacuole membranes. Preliminary measurements of the particle size on both digestive and perialgal vacuole membranes show no significant differences between the two vacuole types.
The distribution of particle densities on the Pfaces of digestive vacuole m em branes displays two subpopulations which might reflect an hetero geneity in a digestive vacuole itself or, more prob ably, an heterogeneity in different digestive vac uoles as observed on thin sections (unpublished results). This heterogeneity could result f.e . from fusion with lysosomes. This assum ption is in agree ment with data from Paramecium caudatum and other ciliates where it has been shown that in digestive vacuole membranes changes in the intramembranous particle distribution and num ber cor relate with specific stages of the cyclosis [15] [16] [17] . However, the structure of the perialgal vacuole membrane shows a homogenous statistical distribu tion of frequency in particle density with only one maximum. These data indicate that -in contrast to digestive vacuole membranes -the structure of perialgal vacuole membranes rem ains more or less constant during the whole lifetim e of the vacuole. Perhaps fusion with lysosomes is not possible.
Only few information is available on the form a tion of perialgal vacuoles in Paramecium bursaria. Several experiments suggest that surface components of the algae play an im portant role, but it is not clear in which way they interfere with the vacuole m em brane and thus probably trigger the form ation of a special membrane structure [18] . M em brane altera- (Fig. 2) . EFpm = E-face o f plasma membrane; PFC = P-face o f outer chloroplastic mem brane; freeze-fracture; 25 000 x. tions caused by intracellular parasites have been re ported, but mechanisms are unknown, too. There is some experimental evidence that certain intracellu lar parasites are protected against digestion by chang ing the membrane structure of their surrounding vac uoles in such a way that fusion with lysosomes is in hibited [19] [20] [21] [22] , Investigations with antibody-treat ed parasites suggest that surface components of the parasites are involved in this process [23] , Possibly living symbiotic algae in P aram ecium bursaria can act on membranes in a closely related way, thus causing m em brane alterations which prevent the fu sion of lysosomes with the perialgal vacuole. An in activation of digestive enzymes as a further way to escape from host digestion has also been discussed [11, 24] , but in the P aram ecium bursaria -C h lorella system the above presented results on the structural differences between perialgal and digestive vacuole membranes rather suggest the prevention of lysosome -perialgal vacuole m em brane fusion.
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